Autoscopic phenomena are reduplicative experiences during which the subject has the impression of seeing a double in extracorporeal space either from an embodied or disembodied visuo-spatial perspective. Autoscopic phenomena include outof-body experience (OBE), autoscopic hallucination (AH) and heautoscopy (HAS). In an out-ofbody experience, subjects feel that their "self", or centre of awareness, is located outside the physical body and somewhat elevated. It is from this elevated extracorporeal location that subjects experience seeing their body and the world.An autoscopic hallucination is defined as the experience of seeing a double of oneself in extracorporeal space without leaving one's body (no disembodiment). As compared to out-of-body experiences, individuals with autoscopic hallucination experience seeing the world from their habitual visuo-spatial perspective and experience their "self", or centre of awareness, inside their physical body. During heautoscopy subjects also have the experience of seeing a double in extracorporeal space (as in autoscopic hallucination). However, it is difficult for the subject to decide whether he is disembodied or not and whether the self is localised within the physical body or in the double. The present review highlights recent findings concerning phenomenological and neurocognitive characteristics of autoscopic phenomena of neurological origin.These findings are compared with the pictorial phenomenology of self-portraits, which may also be described as reduplicative phenomenona because self-portraits contain the painter twice: as the painting painter and the painted painter (double). The comparative analysis between the three forms of autoscopic phenomena and self-portraits revealed several phenomenological similarities suggesting that some of the neurocognitive mechanisms of autoscopic phenomena might also be employed by artists of self-portraits as well as beholders of such works of art. Based on this analysis a division of the genre of self-portraiture in three major types of self-portraits is proposed that reflects the characteristics of out-ofbody experience (OBE self-portraits), autoscopic hallucination (AH self-portraits) and heautoscopy (HAS self-portraits). It is argued that autoscopic phenomena, which have fascinated mankind from time immemorial, might add to our understanding of the central processes that mediate self-perception and self-experience in cognitive neuroscience as well as art history.
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Chacun de nous, sa vie durant, ne cesse de s'étonner d'être précisement celui qu'il est. Le drame de l'unicité est inépuisable et insoluble.
Cioran, Cahiers 1957 Cahiers -1972 Cahiers (1997 Autoscopic phenomena
Definition of autoscopic phenomena
Visual disorders of the body image or somatognosia include a variety of usually short-lasting, illusory experiences about the seen location and position of one's body or body parts in space [1] [2] [3] [4] [5] [6] [7] . They mostly occur in patients with posterior brain damage and are characterised by illusions that only affect a certain body part (visual body-part illu-sions) or the entire body (visual body illusions or autoscopic phenomena). Thus, with respect to the upper extremity, a variety of visual body-part illusions such as disconnection, dislocation, movement and reduplication have been described due to neurological brain damage [6] [7] [8] [9] [10] [11] . Yet, whereas these different visual body part illusions have been investigated neuroscientifically -leading to scientific explanations and insights into central mechanisms as well as new treatments -much less is known about visual body illusions that affect the entire body (autoscopic phenomena). Moreover, given the rarity of autoscopic phenomena, the widespread neurological literature and the complex phenomenology of autoscopic phenomena they have only recently been classified systematically. We have recently analysed the phenomenological, functional and anatomical similarities and differences of the three main forms of autoscopic phenomena: out-of-body experience, autoscopic hallucination and heautoscopy. This division into three distinct autoscopic phenomena was initially developed by Devinsky et al. [12] and subsequently extended by Grüsser and Landis [13] , Brugger et al. [10] , Brugger [14] and Blanke et al. [15, 16] .
In out-of-body experiences people seem to be awake and feel that their "self", or centre of awareness, is located outside of the physical body and somewhat elevated. It is from this elevated extracorporeal location that the subjects experience seeing their body and the world [12, 14, [16] [17] [18] . The subject's reported perceptions are organised in such a way as to be consistent with this elevated visuo-spatial perspective. The following example from Lunn [9] An out-of-body experience can thus be defined as the presence of the following three phenomenological elements: the feeling of being outside one's physical body (or disembodiment); the presence of an elevated and distant visuo-spatial perspective; and the seeing of one's own body (or autoscopy) from this perspective.These three aspects are illustrated in figure 1A .
An autoscopic hallucination is defined as the experience of seeing a double of oneself in extracorporeal space without leaving one's body (no disembodiment). As compared to out-of-body experiences, individuals with autoscopic hallucination experience seeing the world from their habitual visuo-spatial perspective and experience their "self", or centre of awareness, inside their physical body (fig. 1B) Phenomenology of autoscopic phenomena. This figure illustrates the phenomenology of the three autoscopic phenomena autoscopic hallucination (B), heautoscopy (C) and out-of-body experience (A) with respect to visuo-spatial perspective (arrow), self-location and autoscopy. The position and posture of the self is indicated for each autoscopic phenomenon by an S* that is drawn next to the body where the self is perceived. The position of the physical body of the subject is indicated as the non-transparent body. The transparent body represents the illusor y body. Note that the self-body distinction is ambiguous. Accordingly both depicted bodies are marked with an S* and are transparent. The direction of the visuo-spatial perspective is indicated by the direction of the pointing arrow. In autoscopic hallucination the visuo-spatial perspective is body centred, in out-of-body experience it is from a disembodied position and in heautoscopy it is either simultaneous or alternating between physical and disembodied locations (see text for further explanations; modified from Blanke [16] ). than I do now. My double smiled at me in a friendly way.'" (p. 31) The third form of autoscopic phenomena is heautoscopy, which is an intermediate form between autoscopic hallucination and out-of-body experience. The individual experiencing an heautoscopy also has the experience of seeing a double of himself in extracorporeal space (autoscopy). However, it is difficult for the subject to decide whether he is disembodied or not and whether the self is localised within the physical body or in the double [16, 20] . In addition, the subjects often report to see in an alternating or simultaneous way from different visuo-spatial perspectives that fluctuate between the subject's and the double's body as reported by Blanke et al. [16] In summary, the three forms of autoscopic phenomena differ with respect to the three phenomenological characteristics of disembodiment, visuo-spatial perspective and autoscopy. Whereas there is no disembodiment in autoscopic hallucination and always disembodiment in out-of-body experiences, subjects with heautoscopy generally do not report clear disembodiment, but are unable to localise their self or centre of awareness with precision. Thus, in some patients with heautoscopy the self is localised either in the physical body or in the autoscopic body, or at two positions at the same time (i.e. bilocation).Accordingly, the visuo-spatial perspective is embodied in autoscopic hallucinations, disembodied in out-of-body experience, and at varying disembodied and embodied positions in heautoscopy. Autoscopy is present in all autoscopic phenomena (for further details see [10, 16] ). Only during autoscopic hallucinations does the subject immediately realise the illusory nature of the experience, whereas heautoscopy and out-ofbody experiences are generally described as highly realistic experiences [14, 16, 20] .
Neurocognitive mechanisms in autoscopic phenomena
Although most neurological authors agree that autoscopic phenomena relate to a paroxysmal pathology of own body perception and cognition, it is not known which of the many senses implicated in body perception and cognition are primarily involved in the generation of autoscopic phenomena and whether there are differences between the three main forms of autoscopic phenomena. Thus, some authors postulated a dysfunction of visual processing [21, 22] . Visual theories considered autoscopic phenomena to be visual or "specular" hallucinations based on the fact that they were experienced and described by most patients spontaneously as visual manifestations [21, 22] . In addition, especially autoscopic hallucinations, may sometimes be lateralised in the visual field and are frequently experienced as visual pseudohallucinations [10, 16, 20] . However, a number of arguments show that a purely visual explanation cannot account for autoscopic phenomena in general. First, although all three forms of autoscopic phenomena are spontaneously described as visual, they are also frequently described as veridical experiences (especially heautoscopy and out-of-body experiences) and not as pseudohallucinations [1, 8, 10, 16, 23] . Second, patients and healthy people reported that the impression of reality and selfrecognition is preserved even if visual details of the autoscopic body during the autoscopic phenomena differ from the patient's actual appearance (such as clothes, age, hair cut, size, colouring of the body [12, 16, 19, [24] [25] [26] . In some patients self-recognition may even be immediate if the patient only sees his back during the autoscopic phenomena [12, 16] .
These data point to the importance of nonvisual, body-related, mechanisms in autoscopic phenomena, such as proprioceptive and/or kinaesthetic processing, as was already argued by Sollier [24] (for later discussions see also [1, 2, 10, 16] ). Latter authors proposed that the involvement of disturbed processing may differ between the three main forms of autoscopic phenomena. Sollier for instance differentiated heautoscopy (or "autoscopie dissemblable") from autoscopic hallucination (or the "autoscopie spéculaire" of previous authors such as Féré [21] ) suggesting that both forms of autoscopic phenomena might relate to different cerebral mechanisms. He postulated the latter to be a mere visual hallucination, whereas he assumed the former to be a proprioceptivekinaesthetic disturbance associated with a strong psychological affinity between physical and autoscopic body. For proprioceptive-kinaesthetic processing he coined the term "cenesthesia" (as the body's visceral and deep sensations) stating that autoscopic hallucination and heautoscopy are due to the "projection of the body's visceral and deep sensations into the space on the outside of the body" [24] . Several authors have also highlighted the role of proprioception and kinaesthesia in autoscopic phenomena by noting that some patients report about shared movements between the physical and the double's body (autoscopic echopraxia) [1, 2, 8, l0, 25] . A further argument in favour of tactile and proprioceptive mechanisms in autoscopic phenomena was given by Blanke et al. [16] who reported that the body position of the patient prior to autoscopic hallucination/heautoscopy (erect) and out-of-body experience (supine) differs suggesting a differential influence of proprioceptive and tactile processing on autoscopic phenomena.
Another sensory system, which has been linked to autoscopic phenomena, is the vestibular system that conveys bodily sensations to the brain. Thus, the inspection of case collections of autoscopic phenomena in healthy subjects reveals the frequent association of vestibular sensations with autoscopic phenomena (e.g. [17, 18, [26] [27] [28] ).Whereas Bonnier [29] and Skworzoff [30] simply observed the frequent association of vestibular sensations in otological and neurological patients with autoscopic phenomena, others proposed that a paroxysmal central vestibular dysfunction might be an important mechanism for the actual generation of autoscopic phenomena [1, 10, 13, 23] . MenningerLerchenthal [1] extended this view and pointed to the importance of vestibular disorders in the generation of visual illusions, visual dysfunctions, as well as autoscopic phenomena. On clinical grounds Blanke et al. [16] suggested a differential implication of vestibular processing in the different forms of autoscopic phenomena. These authors proposed systematic differences in the strength of a vestibular dysfunction in autoscopic hallucination, heautoscopy and out-of-body experiences. Based on phenomenological evidence, Blanke et al. [16] showed that out-of-body experiences were associated with a gravitational, otholithic, vestibular disturbance, whereas the vestibular dysfunction in patients with heautoscopy was more variable and often characterised by rotational components, and vestibular dysfunction was absent in these patients.
Finally, many patients with autoscopic phenomena also experience paroxysmal visual body-part illusions [1, 2, 8, 9, 12, 31, 32] and this has led several authors to argue for a similar or closely related functional and anatomical origin of visual bodypart illusions and visual illusions of the entire body [1, 2, 8, 10, 23] .
With respect to aetiology, autoscopic phenomena have been reported in various focal and generalised diseases of the central nervous system. Generalised neurological aetiologies include cerebral infections such as meningitis and encephalitis, intoxications, as well as generalised epilepsies [1, 2, 8, 10, 12, 13, 16, 23, 25, 33] . Autoscopic phenomena following focal brain damage emerge from a large variety of aetiologies including focal epilepsy [12] , traumatic brain damage [34] and migraine [35] as well as less often vascular brain damage [19] and neoplasia [34] .
Regarding their underlying anatomy, autoscopic phenomena of focal origin primarily implicate posterior brain regions and with respect to the lobar anatomy most studies found the parietal, temporal or occipital lobe to be involved [8-10, 12, 34] . Some of these authors have either suggested a predominance of temporal lobe involvement [12, 13, 33] , a predominance of parietal lobe involvement [1, 2, 8] or no precise brain localisation at all [36] .Yet, Menninger-Lerchenthal [1] speculated on different anatomical substrates for the different autoscopic phenomena, suggesting autoscopic hallucination to originate at the junction of the parietal and occipital lobe (junction of Brodmann's areas 19 and 39), heautoscopy originating from the angular and supramarginal gyrus (Brodmann's areas 39 and 40) and out-of-body experiences from the superior parietal lobule (Brodmann's area 7). These anatomical dissociations have partly been confirmed by Blanke and colleagues [16] showing that heautoscopy and out-of-body experiences are related to damage to the temporo-parietal junction and autoscopic hallucination to damage at the temporo-occipital junction. In addition, the temporoparietal junction was found to be activated during mental own-body imagery reflecting imagery selflocation and -perspective that is experienced spontaneously during out-of-body experiences [37, 38] . Finally, with regard to predominant hemispheric involvement the reported data are quite divergent. Some authors found no hemispheric predominance for autoscopic phenomena [8, 12, 33] , while others have suggested a right hemispheric predominance for these phenomena [1, 10, 13, 23] . Brugger et al. [10] proposed that autoscopic hallucination has a right hemispheric predominance, but did not analyse patients with heautoscopy or out-of-body experiences. Based on a review of the literature Blanke and Mohr (submitted) confirmed Brugger's finding for autoscopic hallucination and suggested that out-of-body experiences are mainly related to right hemisphere damage and heautoscopy mainly to left hemisphere damage.
In the remainder of the article I have examined whether some of the characteristics as described for autoscopic phenomena may also be found in self-portraits of professional painters. For this purpose I have analysed self-portraits ranging from the 15th to the 20th century and propose a division of the genre of self-portraiture into three distinct parts: self-portraits that reflect the characteristics of autoscopic hallucination (AH self-portraits), out-of-body experience (OBE self-portraits) and heautoscopy self-portraits respectively.
Self-portraiture
Reduplication of body and self in self-portraiture and autoscopic phenomena Whereas artists generally paint portraits of other people by direct inspection, the painter of a selfportrait cannot inspect himself (or can at least not inspect his entire body and his face) directly with his eyes only. To achieve visual self-inspection and paint their self-portraits painters throughout time have often relied on mirrors as well as mental imagery 1 pointing to the possibility of functional differences between portraits of other people and portraits of oneself. Although it has been stressed that the reflecting mirror is implicitly present in all self-portraits [39, 40] , the role of mental imagery is also important as stated by Caspar David Friedrich: "Close your corporeal eye so that you see your painting first with your inner eye. Then bring onto the painting what you have seen in the darkness so that it can impress others from the outside to their inside." 2 Accordingly, art historians have distinguished between portraiture and self-portraiture as being two different genres:"the painter has seen himself become his model in the mirror that faces him" 3 [42] .
In the present article I will argue that self-portraits are interesting study material for the cognitive neuroscientist who tries to understand autoscopic phenomena as well as body awareness and self-perception [1, 39] .This is because self-portraits contain the body and self that interest the cognitive neuroscientist in two ways: as the painted painter and as the painting painter [43] . It is this dissociation in self-portraits between the double (the painted painter) and the artist (the painting painter) that gives rise -according to Lejeune [44] -"in a vertiginous manner to the essence of art: the auto-representation of [man and] mankind (and not of the [external] world)" (p. 73). These aspects of corporeal awareness and self-perception in self-portraits, in addition to mental imagery as mentioned above, have also led to the inclusion of more global and complex aspects of processing, related to one's body and self, such as personhood, personality or the painter's inner self in self-portraits [42] . Caspar David Friedrich said: "The painter should not just paint what he sees in front of him, but also what he sees within himself." 4 Thus, reduplication of body and self is present in selfportraits as well as autoscopic phenomena. In addition, autoscopic phenomena have not only been observed in neurological patients, but also, with similar characteristics, in healthy subjects [1, 8, 14, 17, 18] . Moreover, they are not rare but encountered in 10-20% of the healthy population [17, 18] . It has thus been suggested that autoscopic phenomena involve similar brain structures and functions in patients as well as healthy subjects [46] . As the analysis of the verbal phenomenology of autoscopic phenomena in neurological patients and healthy subjects has helped to define neurocognitive mechanisms of corporeal awareness and self-perception [10, 12-14, 16, 33, 46] , I thought it worthwhile to examine whether similar or related mechanisms might also be detectable in the pictorial phenomenology of self-portraits. This might allow for the verification or falsification of proposed neurocognitive mechanisms of self-perception in autoscopic phenomena, but might also lead to a new avenue for the understanding, in art historical terms, of a given artist or the genre of self-portraiture. Before describing some of the characteristics of AH self-portraits, OBE self-portraits, and heautoscopy self-portraits, I would like to underline that the present study will not discuss style elements of a painter per se such as brush stroke, choice of colour, rendering of contours, which allow the connoisseur to judge whether a given painting has been executed by a certain painter. Instead, the present article will concentrate on the exploration of the visual, spatial and bodily mechanisms that might be present in the pictorial phenomenology of AH selfportraits, OBE self-portraits and heautoscopy selfportraits respectively as discussed above. 
Self-portraiture and autoscopic hallucinations
There are only few examples of self-portraits prior to the Renaissance although since then the number of self-portraits has steadily risen. Whereas many Quattrocento artists often added or hid their image in group paintings [47, 48] , single-figure self-portraits began to appear around 1500. This can be seen in self-portraits by Giorgione (1477-1519; "Self-portrait as David", 1500, Braunschweig; fig.  2A ), Perugino (1450-1523; "Self-portrait", 1496, Perugia) and Albrecht Dürer (1471-1528; "Selfportrait with landscape", 1498, Madrid; fig. 2B ).The latter has painted a series of at least seven selfportraits depicting himself from boy to young man ( fig. 2B ) to older man. Thus, when Bell [48] discusses "Dürer's pictorial discovery of the modern self" (p. 9), Dürer is generally thought of as the first artist to have drawn a series of self-portraits for himself as well as the public. Only a century and a half later, in 1664, Leopoldo De Medici of Florence started the first collection of self-portraits. His nephew, the grand duc Cosimo III (who inherited the over 80 self-portraits collected by his uncle), continued this tradition and exposed them in the Uffici, where today a much enlarged collection with over one thousand self-portraits can be seen. I would like to argue that most of the self-portraits that can be seen in the Uffici and museums throughout the world represent the characteristics of autoscopic hallucination, whereas characteristics of heautoscopy and out-of-body experience are less frequently found. Importantly, portraits that artists draw of themselves and that reflect characteristics of autoscopic hallucination do not differ much from portraits that artists have drawn of other people and it may be difficult, even for the connoisseur, to differentiate self-portraits from portraits of others [39, 42] .Tschaikowskaja [40] other people. Only through the relationship with the human being Paul as a conspecific, will the human being Peter refer to himself as a human being" (quoted after [40] , p. 359).This has also been observed by Pächt [49] who with regard to Rembrandt's self-portraits states that it seems as if the artist has almost painted these self-portraits as if drawing not himself but a double:"In Rembrandt's early self-portraits […] one is tempted not to take subject and object as identical and also here to characterise the picture as […] if Rembrandt would have not portrayed himself but a Doppelgänger." 5 Thus, nothing in Rembrandt's "Self-portrait" from Glasgow (1632; fig. 2C ) could tell the beholder that the artist himself has drawn a picture of himself. The concentration upon the (visual) mirror image in some of these AH self-portraits is sometimes so intensive that there might be right-left reversals with respect to facial features (i.e. van Gogh's cut ear) or hands (right-handed painters may draw themselves as left-handed; e.g. Lovis Corinth [39] ). With respect to the present discussion of selfportraits, these instances of right-left reversals in self-portraits present evidence not only for the painter's concentration on the visual reflection in the mirror, but also highlight that the reflection is seen as another person, as an image, disconnected from the painter. Interestingly, mirror reversals have also been observed in subjects with autoscopic hallucination [14, 25] and are especially frequent in autoscopic hallucination if compared with heautoscopy and out-of-body experiences. In the "Self-portrait"(from Glasgow) Rembrandt focuses on the upper parts of his body. This concentration on the upper body and especially the face in the portraiture of others and oneself can also be seen in the special emphasis that artists have given to facial expression, eye and head position. These visual characteristics also appear in Rembrandt's "Self-portrait" from London that was drawn 37 years later (1669; fig. 2D ). In fact, the majority of self-portraits show these elements [47, 48] . The depicted upper body is shown in front-view, with eyes looking at the beholder, giving the impression of being a portrait of another person rather than of the artist himself. Note also that based on these characteristics it seems as if the painted person is located in close proximity to the contemplator of the painting. Although Titian (1485-1576) also depicts the arms and parts of the trunk in his "Selfportrait" (1560; fig. 2E In summary and with respect to self and body processing, I would like to suggest that these visual characteristics of the AH self-portrait render the spatial location of the painter's self unambiguous. The reduplicative nature of the self that characterises all self-portraits as stated above -consisting of the painting self (in front of the canvas) and the painted self (on the canvas) -is disambiguated in AH self-portraits by the above-mentioned mainly visual characteristics: the painting self is located in front of the canvas and paints his double quite in the same way as he paints portraits of other people. This also applies to the self in autoscopic hallucination that is experienced as if looking from the habitual body position at the double in extracorporeal space (without disembodiment). This suggests that in AH self-portraits the reduplicated self, so characteristic of self-portraits, is only implicitly drawn. Visual characteristics predominate in AH self-portraits when compared to visuo-spatial characteristics or more explicit characteristics of body and self processing that are mainly found in the other forms of self-portraits, i.e. OBE selfportraits and heautoscopy self-portraits. These visual characteristics in AH self-portraits are sometimes so predominant that the painter paints himself mirror-inverted in order to draw the visual aspects of his body as precisely as he can. These mainly visual characteristics in AH self-portraits were approximated by what Cardinal Paleotti (Bishop of Bologna) in 1582 described about the way painters should paint sacred and profane images: "The task of the painter is to imitate the things in their natural state and to imitate them only as they showed themselves to the eyes of mortal human beings, without surpassing these limits" 6 . In the following two sections we will see how painters have tried to surpass these visual "limits" in self-portraiture. 
S C H W E I Z E R A R C H I V F Ü R N E U R O L O G I E U N D P S Y C H I A T R I

Self-portraiture and out-of-body experience
Are there self-portraits that are characterised by elevated and distanced visuo-spatial perspective (or third-person perspective) as well as disembodiment as described for out-of-body experiences? Although both characteristics have been used less frequently in self-portraits than the characteristics described for AH self-portraits, I propose that several artists have applied characteristics of out-of-body experiences in their selfportraits. Thus, with respect to the distanced thirdperson perspective upon one's own body, a selfportrait by Rembrandt portrays the artist himself in his studio, from a distance of several meters, as standing in front of a canvas ("The artist in his studio", 1629, Boston; fig. 3A compare with fig. 2C,  2D ). There are further differences with respect to AH self-portraits. In AH self-portraits Rembrandt painted only the upper part of his body and positioned his body closely to the canvas; not so in "The artist in his studio". Here, Rembrandt painted his entire body and drew it in a way that it only occupies a small part of the painting. The picture concentrates more on the entire spatial scene, of which Rembrandt's own body is only one element among others, such as the walls of the room, the canvas and further elements from the artist's studio. This contrasts with his AH self-portraits, where he gives much detail to his facial features that fill up most of the canvas.The implicitly sitting Rembrandt ( fig.  2C, 2D ) is replaced by an explicitly standing Rembrandt ( fig. 3A) . These characteristics can also be seen in Tommaso Minardi's (1787-1871) "Self-portrait" (1813, Florence; fig. 3B ). In addition, the latter self-portrait is drawn not just from a distance, but also from an elevated visuo-spatial perspective. Although I cannot exclude that both latter OBE self-portraits were done by inspection via a mirror, they impress the beholder in quite a different way than AH self-portraits, which are close-ups concentrating on facial features that are painted as if seen in a mirror. These scenic views of the artist in his studio surrounded by his paintings and painting utensils suggest that OBE self-portraits are primarily related to visuo-spatial imagery and not visual depiction of a reflected mirror image. These notions are also reflected in the experiences of subjects with autoscopic hallucination and out-ofbody experiences. Subjects that experience autoscopic hallucinations are frequently preoccupied with the physical resemblance between their autoscopic double and themselves, whereas subjects with out-of-body experiences are generally more intrigued by their disembodiment and their astonishing surrounding view from their elevated perspective that also includes, among other things, their own body. These characteristics are also present in the well-known painting "Las Meninas" (1656, Madrid; fig. 3C ) by Velázquez (1599-1660). Here, eleven persons are depicted in a spacious room with many paintings on the walls. Velázquez paints himself as painting, standing in front of a huge canvas (indeed "Las Meninas" measures more than 10 feet). I should also briefly mention Velázquez' masterly play with the mirror in the back of the painting where a reflection of the King and Queen of Spain can be seen whom he should actually be in the process of portraying [42, 50, 51] .The result is a portrait of the young princess Margarita who is shown in the centre of the painting. Most important for the present speculations is that by inverting the visuospatial perspective and thus imagining seeing the entire scene from the position and visuo-spatial perspective of the King and Queen, Velázquez turns the portrait of the emperors and their daughter into a portrait of himself. 7 Again I speculate that "Las Maninas" was drawn primarily without the help of a mirror, but by mental imagery and from a distanced third-person and mentally disembodied visuo-spatial perspective. Whereas in the aforementioned OBE self-portraits mirror use cannot be excluded and is even suggested by the fact that the artist drew his own body in front-view, there are many examples of "the artist in his studio" paintings, in which the painter has depicted himself from behind (or in back-view). Thus, in Vermeer's (1632-1675; fig. 3D ) "The artist's studio" (1666/67, Vienna) a distanced visuo-spatial perspective, a depiction of the artist's body in back-view, the canvas, as well as a larger spatial scene can be seen. This picture is difficult to paint by the use of a single mirror.This imposed visuo-spatial perspective is so beautifully drawn that the beholder or the artist himself can almost be sensed as if present in the picture, as standing behind the artist and as pulling the left curtain to the side [50, 51] . Wollheim [51] also noted that the visuo-spatial perspective is somewhat elevated as is typical for the out-of-body experience.
S C H W E I Z E R A R C H I V F Ü R N E U R O L O G I E U N D P S Y C H I A T R I E
Distanced and elevated visuo-spatial perspective is one of the hallmarks of the painter Caspar David Friedrich (1774-1840), the famous painter of German Romanticism. In contrast to the aforementioned painters, Friedrich did not frequently depict his studio, but mainly painted landscapes. When discussing Friedrich's landscape paintings Rosen and Zerner [52] write that "in [his paintings such as "Der Morgen im Gebirge", St Petersburg, 1822/23; fig. 4A ] an essential part of the[ir] effect comes from the perspective which seems to place the spectator in mid-air before the scene" [p. 12]. This elevated perspective and verticality is systematically increased throughout Friedrich's oevre [41] leading to such vertiginous masterpieces as the "Large Enclosure near Dresden" (1835, Dresden; fig. 4B ). Here, the beholder is insecure about whether "we see the landscape from close by or far away" and we do not know whether "we stand on a bridge or whether we float with the painter in a balloon above the scene" ( [41] , p. 236-7). Rosen and Zerner [52] agree and even write that in the "Large Enclosure near Dresden""the point of view of the observer is from far above so that the body of water seems to have a gentle curve as if it were the curvature of the earth […]" (p. 13).The extreme elevation and distance of the observer is further enhanced by another typical element that began to appear in Friedrich's paintings in 1810: the figure in back-view. These back-figures are in the large majority standing and most often placed in the picture's foreground ( fig. 4C) [45] . 8 In summary, I would like to suggest that the visuo-spatial characteristics of OBE self-portraits impose upon the beholder the distanced and imaginary visuo-spatial position and perspective of the painter's self. The reduplicative nature of the self in OBE self-portraits is explicitly drawn as the body-self is painted and/or intended twice in these paintings.Thus, the body (or the painted painter) is localised in the back-figures as in Friedrich and Vermeer or in the front-figures as described for Rembrandt and Velázquez. Secondly, I suggest that the location of the disembodied self (the painting or observing painter) is intended at an elevated and distanced position within the painting. It is from this position that the artist observes the spatial scene including his own body (as back-figure or front-figure) below. Based on this explicit reduplication, OBE self-portraits might be grouped with double self-portraits (see below), although the artist's body is only painted once. Vestibular and spatial characteristics thus seem to predominate in the OBE self-portraits, when compared to the visual characteristics of AH self-portraits. In the following section I will present some of the characteristics of heautoscopy self-portraits.
Self-portraiture and heautoscopy
Next to the visual AH self-portraits and the spatial OBE self-portraits, there is a third class of selfportraits (heautoscopy self-portraits) which mainly reflect the reduplicated body of the artist as well as the process of painting itself in a very explicit manner. As described above patients with heautoscopy have difficulty deciding as to where they are and where their self is localised. In the autoscopic body or in their physical body? Furthermore, there are many reports of heautoscopy patients about the sharing of actions and thoughts between self and double that are not present in AH or OBE patients [16, 20, 25] . By making explicit reference to the use of a mirror and the drawing process itself, the painters of heautoscopy selfportraits try to recreate these two instabilities in their self-portraits. Heautoscopy self-portraits often raise the question in the beholder whether the location of the painter's self is on the canvas (and thus painted) or in front of the canvas (and thus painting). This search may also be described by reference to the painter's gaze that searches in an alternating fashion between the self in the mirror and the one on the canvas: "The painter's gaze passes from mirror to canvas, 'du pareil au même', from the image that gives itself to the eye to the image that is created, trace by trace, stroke by stroke" 9 . Stressing the fascinating difficulty of this process, Derrida [53] writes about the fragile process of painting a (heautoscopy) self-portrait: "to see oneself looking, the painter loses sight of himself at the moment when the drawing tries desperately to seize himself." 10 First I will describe the explicit use of mirrors in heautoscopy self-portraits in order to highlight the painting process and the painter's body. Artists have integrated the mirror in a number of different ways into self-portraits. They may overtly express that the picture and thus the painter himself has been drawn while looking into the mirror (which has also been depicted in the painting). This introduces ambiguity as to the exact whereabouts of the painter as it is not always immediately clear whether the reflection of the painter's body or the painter's actual body in front of the mirror is depicted. Thus, William Orpen ("Myself and Venus", 1908, Pittsburgh; fig. 5A ) does not look directly at the beholder but via a reflection in a mirror. Explicit integration of the mirror into the self-portrait was used much earlier by Giovanni Battista Paggi in his "Self-portrait in the studio with an architect friend" (1580-1590, Würzburg; fig. 5B ). He placed a "friend" between himself and the mirror. The decision on who is the painter is somewhat difficult as only the reflected hand of the painter tells the beholder where the painter is. Gustave Courbet (1819-1877) has not drawn the mirror in his famous "Self-portrait: the desperate man" (1841, private collection; fig. 5C ). Yet, it is almost as if the surface of the canvas itself is the surface of the mirror.This gives the impression that the painted painter looks at us and not that the observer (or the artist in front of the canvas) looks at the painted painter.The same use of a mirror (without visualisation of it) is present in an etching by Rembrandt ("Self-portrait", 1648). As Pächt [49] writes with regard to this heautoscopy self-portrait: "This look dematerialises the painted person, thus also the self in the self-portrait: this new, explicit and dematerialising style of painting, by which one perceives more strongly the process of painting than the painting itself, seems to be the technical secret behind this radical introversion of this selfportrait." 11 By the use of two mirrors while painting his self-portrait Lovis Corinth (1858-1925) painted a double self-portrait consisting of his (reflected) body as well as a reflection of his (reflected) body ("Letztes Selbstportrait", 1925, Zürich). The explicit mirror use in these self-portraits stresses the reduplication of the artist's body-self in self-portraiture. This is even more apparent in socalled triple self-portraits. Thus, Johannes Gumpp ("Self-portrait", 1646, Florence; fig. 5D ) and Norman Rockwell ("Triple self-portrait", 1960, Stockbridge) depicted themselves three times in a single self-portrait.The painter is seen in back-view while painting in both pictures. Whereas all three selfdepictions -mirror image, painter and drawn image -are clearly separable in Rockwell's painting, the mirror image is difficult to differentiate from the drawn image in Gumpp's triple self-portrait. Rockwell also posted self-portraits of Dürer, Rembrandt, van Gogh, as well as other previously drawn self-portraits of himself on his canvas adding to the multidimensional reduplication in this triple self-portrait. Rockwell also highlights that the use of a mirror in self-portraits is not just a visual process related to copying of what the eye sees. Whereas his eyes are open on the canvas (without glasses), "he" is wearing shaded glasses in the mirror image.
Often when artists depict themselves as reflected in a mirror they also showed themselves in the process of painting or as being active in their studios. This depiction of the artist at work seems to be a direct statement by the painter about the art of painting as well as his person as an artist carrying out intentional pictorial acts. This is the second main mechanisms in heautoscopy self-portraits. Thus, the artist may depict himself while he is drawing his portrait emphasising that he is the author of the portrait that is in front of the beholder. As mentioned above, if the painter draws himself while he is in the process of painting, it may not be entirely unambiguous whether the depicted person is painting or being painted as in Francisco Goya's "Self-portrait in the studio" (1791/92, Madrid; fig. 5E ). This instability of the self (or of self-location) is also present in a similar selfportrait by Alberto Giacometti (1901-1966; "Selfportrait", 1921, Zurich) and has also been observed in some of Rembrandt's self-portraits. Thus, Pächt [49] writes that in Rembrandt's later work, "the Splitting of consciousness and instability of the self are often experienced by heautoscopy patients, who experience the self to be localised in alternation or simultaneously between autoscopic and physical body [16] . This often leads to the experience of bilocation of the self where heautoscopy patients have the impression of being localised at two places at the same time and thus having two separate bodies. Astonishingly, this explicit reduplication of the self as reflected in the experience This figure assembles heautoscopy self-portraits, this time double self-portraits, by Frieda Kahlo and Egon Schiele. of bilocation has also been depicted in self-portraits. I suggest that (at least) three 20th-century artists have applied the concept of bilocation in their self-portraits without pictorial reference to a mirror: Giorgio de Chirico (1888-1978), Frieda Kahlo (1907 Kahlo ( -1957 and Egon Schiele (1890-1918). Thus, in de Chirico's "Self-portrait with shadow" (1920) the artist paints himself as looking to the left whereas a translucent shadow-like double of himself is looking towards the right. Both bodies are drawn back to back. In "Double Self-portrait" (1920, Toledo) the artist is shown facing a double of himself in the form of a sculpture. Although the reduplication of the self is explicitly expressed, the location of the artist is unambiguous in both paintings. This identification of the painting self is impossible in two double self-portraits by Kahlo. In "The two Fridas" (1939, Mexico-City; fig. 6A ) two alter egos can be seen holding hands and both looking at the observer. One is wearing a classical Mexican Tehuana-dress, the other a more European dress reflecting two sides of Frida Kahlo. In "Tree of hope remain strong" (1946, private collection; fig. 6B ) one body represents Kahlo just after having had an operation on her dorsal column and lying on her side on the bed facing away from the observer, whereas the other Kahlo is sitting on the bed, representing her hopes that this operation will relieve her suffering. What is important with respect to autoscopic phenomena and bilocation in these two paintings is the impossibility to decide who is Frida Kahlo and who is the double.
Another painter who also drew not only numerous single self-portraits but also double self-portraits was Egon Schiele. Schiele drew the double's and the painter's body frequently in a comparable and realistic manner. Like Kahlo, Schiele often painted the doubles in similar body postures and often as looking at the beholder [54, 55] . In an even more striking example, in "The truth was unveiled" (1913, private collection; fig. 6C ) Schiele drew a double (in orange) that is shown as coming out of (or entering) his own body's back (in brown) stressing the physical connection between both bodies. It is impossible to say which body belongs to Egon Schiele and where the painter's self or centre of awareness is localised. In another double self-portrait, the "Self-seers II" (also called "Death and Man"; 1911, Vienna; fig. 6D ), a translucent Egon Schiele is drawn behind a darkly dressed Egon Schiele in the foreground. Schröder has suggested that this picture might show that "the disembodied, translucent, dead artist embraces the living man [Schiele] from behind. The artist is his own shadow" ( [54] , p. 58). Yet, again, I think one cannot affirm whether the double is the back-or front-figure or whether the depicted hands and arms belong to the double or to Schiele's body. Interestingly, both bodies are depicted with closed eyes (or actually without eyes) suggesting that Schiele stresses the nonvisual character of these own body depictions. Translucency of the double has also been used by de Chirico in his double "Selfportrait with shadow" and is often described by subjects with heautoscopy [10, 16] . Finally, it was stated that in "Prophets" (double self-portrait; 1911, Stuttgart; fig. 6E ) "[…] the artist conducts a disturbing dialogue with his other self" ( [54] , p. 58). Again the eyes of the doubles are either closed, not drawn at all, almost enucleated or only slightly opened, probably reflecting Schiele's intention to present the felt self and not the seen self. As written by Kalir [55] Schiele explored the self in this group of allegorical canvases called the Self-seers series in which "all paintings […] are self-portraits, and most contain at least two images of Schiele: a primary living body and a ghostly duplicate" (p. 118). The doubles in Schiele's double self-portraits have been described as muse-like, who manipulate the artist from behind, or as an inspirational emissary from the beyond, a malevolent aspect or "Schiele's inner directed search for self" (p. 122).
In summary, I would like to suggest that the complex somatosensory and motor characteristics of heautoscopy self-portraits highlight the process of painting itself as a voluntary act, an art and the painter's search for his self (or his selves).The reduplicative nature of the self in heautoscopy self-portraits is explicitly drawn because the self is drawn twice. In addition, an essential characteristic of a full-blown heautoscopy self-portrait is that it is often difficult to decide, especially in the paintings by Egon Schiele and Frida Kahlo, who is the double and who is the painter. The painting self is thus not located in front of the canvas any more (as in AH self-portraits), but seems to have disappeared together with the painted painter into the canvas as in OBE self-portraits. Yet, whereas in the latter form of self-portraits the location and visuo-spatial perspective of the observing self is clearly defined, this is not the case in heautoscopy self-portraits where the self is bilocated and present within both depicted bodies. The painter has left the physical world and has migrated and dissolved into the world of painting and art. Motor and somatosensory characteristics seem to predominate in heautoscopy self-portraits, compared to the visual characteristics of AH self-portraits, and spatial and vestibular characteristics of OBE self-portraits. Although any satisfying answer to this question goes beyond the scope of the present article, many answers have been proposed in the past. One obvious answer would be that the penurious artist is frequently painting self-portraits, because he can then "dispense with the assistance of a paid model, expensive perhaps but not always available" [39, 56] . In addition, the artist him-or herself is also the most practical model, as s/he is always at hand.Yet, both authors stated that there are many other (nonaesthetic) reasons for drawing one's self-portrait. This includes allowing the artist to show his or her skill (i.e. potential clients could compare original and portrayed painter), boasting the artist's status, emulating their admired masters, publicising one's artistic beliefs or narcissism [56] . Along more aesthetic lines and as many others, Bell [48] has argued that self-portraits or self-portraiture is a more private, "a singular, in-turned art […] at the edge between seer and seen" (p. 5) allowing the pictorial discovery of the self. The present article has tried to extend this last dimension by showing how self-portraiture might be linked with the field of cognitive neuroscience of corporeal awareness [39] as well as self-perception and self-experience. This was highlighted by showing that the neurocognitive mechanisms of the three forms of illusory reduplication, i.e. autoscopic hallucination, heautoscopy and out-of-body experience (which were based on verbal phenomenology), can be used to differentiate between self-portraits according to similar mechanisms (which are based on pictorial phenomenology). To conclude, one might say that autoscopic hallucinations and AH self-portraits reflect that the self perceives its body from the outside and as a mainly visual body. The reduplicative character of the double is only implicitly present and the mechanisms of "seeing" predominate over spatial and body-perceptual mechanisms. The self "sees" its body as the body of somebody else. Out-of-body experiences and OBE self-portraits also reflect the self perceiving its body from the outside, but not only as a visual body but as a body in a complex spatial scene of which the body is only a part. The reduplicative character of the double is explicit and the painter's self is distanced and elevated from its body. The self is "out of touch" with its somatosensory perceptions [57] and "sees" its body with the eyes of somebody else. Finally, heautoscopy and heautoscopy self-portraits reflect the perception of the body from the inside via somatosensory and motor mechanisms. The self is in touch not only with her or his bodily feelings but also with the bodily feelings of the double. The self does not "see" but mainly "feels" its body and the body of the double to be the same body.
